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PART  I.  CHEMOTHERAPEUTIC  STUDIES  ON  SCHISTOSOMIASIS. 

1.  Description:  Schistosomiasis  continues  to  be  ranked  as  one  of 
the  most  important  of  the  tropical  diseases,  yet  we  still  lack  suit¬ 
able  means  for  chemotherapeutic  management.  The  few  drugs  currently 
available  demonstrate  only  partial  curative  efficacy  and  are  often 
accompanied  by  adverse  side  effects  ranging  from  carcinogenicity  to 
headaches  and  dizziness.  Considering  the  actual  and  potential  glob¬ 
al  commitments  of  United  States  military  and  civilian  personnel, 

the  risks  to  infection  with  one  of  the  human  schistosomes  remains 
high.  Indeed  the  incidence  of  infection  within  foci  of  local 
indigenous  populations  may  approach  lOOpercent.  Consequently,  a 
major  research  effort  in  anti -schistosomal  drug  development  is  being 
carried  out  by  the  Walter  Reed  Army  Institute  of  Research  (WRAIR) 
in  conjunction  with  the  University  of  Brasilia  (USAMRU-Brasilia) . 

The  test  compounds  are  obtained  from  the  Division  of  Experimental 
Therapeutics  (WRAIR)  and  are  tested  for  prophylactic  and/or  cura¬ 
tive  activity  in  mice  at  preestablished  dosage  levels.  The  ulti¬ 
mate  objective  is  the  identification  of  compounds  with  a  high 
potential  for  use  in  the  prevention  and  treatment  of  schistosomiasis 
man son i . 

2.  Progress: 

a.  Laboratory  Facilities.  At  the  beginning  of  the  reporting  peri¬ 
od,  the  WRAIR  program  in  Belem,  Brazil  (USAMRU-Belem)  began  the 
phase  out  of  its  operations.  As  a  result  of  this  closing,  the 
USAMRU-Brasilia  program  acquired  by  transfer  numerous  items  of  e- 
quipment  and  laboratory  and  field  supplies  that  have  greatly  en¬ 
hanced  the  on-going  schistosomiasis  and  malaria  research  efforts. 
Such  key  major  items  as  microscopes,  autoclave,  vacuum  pumps  and 
centrifuge  have  been  especially  beneficial  to  the  schistosomiasis 
program.  Many  expendable  laboratory  supplies  were  also  acquired 
which  significantly  delayed  the  necessity  to  order  for  restocking 
current  levels.  Another  major  improvement  in  laboratory  operations 
was  the  installation  of  a  central  air  compressor  in  the  Nucleo  de 
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Medicina  Tropical  e  Nutrigao,  thus  providing  a  reliable  source  of 
aeration  to  the  snail  colony.  Plans  have  also  been  submitted  and 
approved  for  the  construction  of  a  small  isolation  room  in  the 
Pharmacy.  A  chemical  exhaust  hood  will  be  installed  in  this  area. 
These  improvements  will  provide  a  safer  area  for  the  preparation 
of  test  drugs  for  anti-schistosomal  therapy.  We  have  also  prepared 
a  request  for  the  purchase  of  an  ultrasonic  disintegrator  system 
to  be  used  in  mixing  compounds  to  assure  an  adequate  drug  suspen¬ 
sion  mixture  in  the  designated  vehicle.  This  will  considerably 
improve  the  accuracy  of  drug  dosage  administration. 

b.  Animal  Facilities.  In  FY78  we  reported  serious  problems  with 
the  weekly  supply  of  healthy  mice  from  the  University  of  Brasilia 
Bioterio  (vivarium).  The  Bioterio  has  problems  with  rearing  young 
mice  to  an  acceptable  weight  (18-23  grams)  and  many  of  these  are 
ill  with  a  broad  spectrum  of  parasitic,  bacterial  and/or  viral 
infections.  More  recently,  for  example,  there  was  an  unusually 
high  mortality  of  Voung  mice  from  what  appears  to  be  ectromelia 
(mouse  pox).  In  March  and  April  of  this  year  LTC  Robert  J.  Beattie 
VC,  Chief  of  the  Department  of  Animal  Resources,  WRAIR,  visited 
USAMRU-Brasil ia  at  the  request  of  the  University  of  Brasilia.  He 
engaged  in  extensive  consultations  with  Dr.  Andre  de  Mello,  Chief 
of  the  UnB  Bioterio,  and  they  jointly  published  a  report  covering 
analyses  of  the  problems,  and  recommended  actions  to  bring  the 
quality  of  animal  management  and  facilities  to  acceptable  standards. 
Those  recommendations  are  now  being  studied  by  University  officials 
and  we  hope  soon  to  begin  extensive  physical  renovations  to  the 
current  facility.  Such  renovation  should  include  at  a  minimun:  1) 
complete  isolation  of  animal  rooms  from  the  outside  environment  to 
include  separation  of  "clean"  areas  from  "dirty"  areas;  2)  wash 
area  with  the  provision  of  hot  water  and  sterilization  facilities; 

3)  control  of  air  circulation,  temperature  and  relative  humidity 

in  animal  rooms;  4)  adequate  storage  areas  for  food  and  bedding; 
and  5)  reorganization  of  the  personnel  management  structure  for 
Bioterio  animal  technical  personnel. 

Current  animal  facilities  within  the  drug  testing  laboratory  are 
adequate  for  maintaining  experimental  mice.  We  continue  to  use 
ground  corn-cob  (cellulose)  bedding  material  purchased  annually 
from  a  local  farmer.  We  are  presently  devising  a  method  for 
improving  this  by  filtering  out  the  fine  dust  portion  of  the  fin¬ 
ished  ground  product. 

c.  Snail  Colony.  The  Biomphalaria  glabra ta  (Paulista  Strain) 
snail  colony  continues  to  provide  Schistosoma  mansoni  cercariae 
in  sufficient  quantities  to  perform  the  weekly  mouse  exposures 
for  drug  testing  and  life  cycle  maintenance.  A  weekly  average  of 
400  snails  were  exposed  to  miracidia  recovered  from  macerated 
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infected  mouse  livers.  An  unusually  low  level  of  prepatent  mortal¬ 
ity  (5  percent)  was  obtained;  of  the  survivors  which  were  screened 
42  days  post-exposure,  57  percent  were  positive  for  emerging  cer- 
cariae.  These  were  maintained  for  future  cercariae  collections  and 
a  weekly  average  population  of  1,200  positive  snails  (range  804  to 
1,853)  were  on  hand  at  one  time.  In  general  approximately  58  per¬ 
cent  of  the  snails  exposed  were  later  recovered  with  patent  infec¬ 
tions. 

d.  Drug  Testing.  A  total  of  690  bottle  number  compound  samples 
were  received  from  WRAIR  during  the  reporting  period.  Of  these  5 
compounds  were  predesignated  for  both  prophylactic  (PMT)  and 
curative  (PCT)  testing;  557  compounds  were  predesignated  for  only 
curative  testing  and  128  compounds  were  predesignated  for  only 
mortality  testing.  Table  1  summarizes  the  workload  data  relative 
to  drug  testing.  While  474  specific  compounds  were  tested  in  the 
PCT,  for  example,  135  of  those  were  compounds  which  were  actually 
received  during  FY79.  All  others  were  tests  of  compounds  received 
earlier  and  representing  a  backlog.  The  situation  with  the  PMT 
testing  backlog  was  more  drastic.  No  compounds  received  during 
FY79  were  actually  tested  during  the  reporting  period;  all  com¬ 
pounds  tested  in  the  PMT  were  retests  or  tests  of  compounds  re¬ 
ceived  earlier  than  1  Oct  78.  The  reasons  for  the  accumulated 
backlogs  are  twofold:  1)  increased  emphasis  on  retesting  compounds 
which  show  initial  activity  or  toxicity,  and  2)  reduced  numbers 

of  mice  available  for  weekly  testing  (see  "Animal  Facilities" 
above).  Both  factors  worked  to  accumulate  a  backlog  while  compounds 
continued  to  be  shipped  from  WRAIR.  Additionally,  many  promising 
compounds  were  tested  under  "dose  response"  conditions  at  two 
routes  of  administration  (subcutaneously  or  orally  by  gavage). 
Consequently,  one  compound  test  might  involve  the  use  of  as  many 
as  12  groups  of  test  mice  (70  mice).  Indeed,  one  PMT  run  (PMT 
78339)  consisting  of  250  test  mice  evaluated  only  5  compounds  under 
these  conditions.  All  such  retest  backlogs  have  been  eliminated 
and  we  are  currently  diminishing  the  untested  drug  backlog. 

e.  Personnel .  The  drug  testing  program  is  directed  by  one  American 
Senior  Investigator  and  supported  by  a  staff  of  seven  Brazilian 
Laboratory  Assistants  and  one  secretary/typist.  The  operating 
program  is  broken  down  into  five  work  areas:  1)  Snail  Colony  (two 
people);  2)  Animal  Service  (one  person);  3)  Necropsy  (one  person); 
Pharmacy  (two  people);  and  Administration  (two  people).  All  indi¬ 
viduals  are  cross-trained  in  procedures  of  snail  maintenance,  sub¬ 
cutaneous  and  gavage  drug  administration,  daily  mouse  maintenance 
with  mortality  checks,  and  mouse  exposures  to  cercariae.  Each  in¬ 
dividual  is  able  to  perform  all  duties  in  at  least  two  other  areas 
of  work.  One  of  the  persons  listed  under  "Administration"  is  a 
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senior  laboratory  technician  capable  of  performing  duties  in  all 
laboratory  work  areas  as  the  need  arises. 

3 J  Test  Procedures: 

a.  General :  The  current  system  of  testing  places  a  priority  of 
prophylactic  or  curative  testing  on  each  compound.  For  those  com¬ 
pounds  received  for  testing  in  both  systems,  prophylactic  testing 
is  still  performed  first.  All  tests,  prophylactic  or  curative,  are 
performed  with  groups  of  five  mice  per  drug  per  dosage.  All  mice 
are  individually  tail-exposed  for  30  minutes  to  the  numbers  of 
cercariae  required  by  the  specific  test.  Drugs  are  routinely  pre¬ 
pared  for  administration  in  a  peanut  oil  vehicle  unless  another 
vehicle  (such  as  water,  saline,  alcohol,  or  cremophor)  has  been 
previously  recommended.  All  drugs  are  administered  subcutaneously 
unless  orally  (by  gavage)  has  been  previously  designated.  Like¬ 
wise,  all  drugs  are  administered  in  terms  of  mgs  per  kg  body  weight 
of  mouse  recipient. 

b.  Primary  Mortality  Test  (PMT):  The  PMT  is  a  prophylactic  test 
in  that  it  evaluates  drug  activity  against  immature  migrating 
larval  schistosomes.  Mice  are  exposed  to  3,000  -  3,500  mansoni 
cercariae.  Two  days  after  exposure,  drugs  are  administered  in  a 
single  innoculation  to  each  of  the  five  test  animals  per  drug.  The 
standard  initial  test  dose  is  640  mgs/kg  and  future  testing  may 
repeat  this  dose,  with  other  groups  being  tested  at  lower  dosages. 

For  every  PMT  group  there  are  control  groups  of  1)  25  infected 
untreated  mice,  2)  10  normal  mice,  and  3)  five  mice  treated  with 
the  reference  drug  Niridazole  (640  mgs/kg).  The  infected  untreated 
control  mice  will  begin  dying  on  day  20  post-exposure  and  none  will 
survive  past  day  30  in  most  cases.  Niridazole-treated  mice  survive 
until  day  49.  Active  drugs  are  those  for  which  treated  mice  sur¬ 
vive  two  weeks  after  the  mean  day  of  death  of  the  infected  control 
mice.  At  49  days,  all  surviving  mice  (controls  and  drug  test)  are 
perfused  for  total  worm  burden  determination  (1),  Drugs  are  consid¬ 
ered  toxic  at  the  dosage  given  if  recipient  mice  die  within  10 
days  post-treatment  (12  days  post-exposure).  All  active  compounds 
are  scheduled  for  later  retest  confirmation  at  the  same  dosage  and 
route  of  administration  as  the  initial  test.  If  positive  confir¬ 
mation  is  obtained  for  activity,  then  further  testing  at  different 
dosages  by  both  routes  (subcutaneous  or  oral)  is  scheduled.  Toxic 
compounds  are  retested  at  lower  dosages  until  non-toxicity  is 
obtained. 

c.  Primary  Curative  Test  (PCT):  The  PCT  is  a  curative  test  of  a 
compound  against  an  established  S.  mansoni  infection  in  mice  ex¬ 
posed  to  160-200  cercariae.  Thirty-three  days  post-exposure  drugs 


(100  mgs/kg)  are  administered  daily  for  five  consecutive  days  (until 
day  37)  in  the  same  manner  as  described  for  the  PMT.  Three  days 
following  the  last  treatment,  all  mice  are:  1)  killed  individually 
by  cervical  dislocation;  2)  the  livers  are  immediately  removed;  3) 
the  livers  are  made  into  liver  squash  preparations;  and  4)  the 
numbers  and  condition  of  worms  in  the  liver  are  determined  for  each 
surviving  animal.  Control  groups  for  each  PCT  run  are:  1)  20  un¬ 
treated  infection  control  mice;  2)  10  Niridazole  treated  mice  (5 
at  100  mgs/kg/day  and  5  at  160  mgs/kg/day)  and  3)  five  Oxamniquine 
treated  mice  (100  mgs/kg/day). 

Criteria  for  drug  activity  are  based  upon  the  hepatic  shift  of 
adult  worms  from  the  mesenteries  to  the  liver.  This  shift  is  pre¬ 
sumed  to  be  a  result  of  drug  pressure.  Not  only  are  the  total  num¬ 
bers  of  liver  worms  determined  but  the  conditions  of  those  worms 
are  also  taken  into  consideration.  The  presence  of  dead  worms  is 
incontrovertable  evidence  of  drug  activity,  while  the  presence  of 
small,  abnormally  developed  "sick"  worms,  possessing  little  move¬ 
ment,  is  evidence  of  possible  activity  requiring  further  testing. 

Untreated  control  mice  will  normally  show  five  to  15  worms  (with  a 
mean  of  11  to  13  worms)  in  the  liver.  A  mean  test  animal  liver 
worm  burden  of  20  to  25  worms  may  be  indicative  of  "marginal"  drug 
activity.  Such  mean  burdens  higher  than  25,  even  though  the  worms 
are  living,  is  justification  for  retesting,  possibly  at  a  higher 
dosage  level.  Oxamniquine  treatment  produces  high  dead  worm  burdens 
in  the  livers  of  infected  animals  while  Niridazole  produces  high 
living  (but  "sick")  worm  burdens  at  100  mgs/kg  and  160  mgs/kg,  with 
the  appearance  of  a  few  dead  worms  at  the  latter  dose. 

d.  Secondary  Curative  Test  (SCT):  We  reported  earlier  (Annual 
Technical  Report  for  FY78)  our  efforts  to  expand  the  drug  testing 
capabilities  to  secondary  curative  testing.  At  that  time  we  were 
standardizing  the  test  and  formulating  the  data  interpretation 
criteria.  Those  standardizations  have  been  completed  and  we  are 
prepared  to  initiate  testing  early  in  FY80. 

The  SCT  is  designed  to  determine  the  minimal  dose  of  each  drug 
which  produces  the  death  of  virtually  all  worms  and  to  characterize 
for  each  drug  treatment  the  time  required  to  produce  an  effect  upon 
the  residual  live  worm  burden.  The  following  effects  will  repre¬ 
sent  partial  or  complete  drug  activity:  1)  the  presence  of  dead 
worms  and/or  2)  the  presence  of  abnormally  low  total  worm  burdens 
and/or  3)  the  presence  of  abnormally  developed  worms  ("stunted", 
"sick"  or  otherwise  representing  abnormal  morphologic  development). 
This  will  be  confirmed  by  more  refined  microscopic  analysis.  Table 
2  depicts  the  proposed  standard  protocol  for  the  SCT.  As  can  be 


seen  from  the  numbers  of  animals  required  to  test  one  drug  at  one 
dose,  careful  selection  of  candidate  compounds  must  be  made  based 
upon  prior  results  in  the  PCT  in  order  to  take  maximum  advantage 
of  the  test  system. 

Control  infections  in  the  SCT  should  behave  as  follows: 

1)  Infected,  untreated  controls:  Total  worm  burdens  (healthy 
worms)  will  remain  constant  throughout  the  analysis  period  (30%  - 
60%  of  cercarial  exposure  dose).  There  will  be  no  or  very  few  dead 
or  abnormally  developed  worms  present. 

2)  Infected,  Niridazole-treated  (160  mgs/kg/day  X  5  days):  There 
will  be  an  increase  in  dead  worm  burden  with  time  after  treatment, 
from  no  or  few  dead  worms  on  Day  3  post-treatment  to  greater  than 
90%  dead  worms  on  days  13  and  20  post-treatment.  However,  the  total 
worm  burden  (dead  +  living  worms)  will  remain  high  throughout  the 
analysis  period  (Days  3-20  post- treatment) . 

3)  Infected,  treated  with  Oxamniquine  (100  mqs/kq/day  X  5  days): 
Grea ter  than  90%  of  the  worm  burden  will  be  killed  by  Day  3  post- 
treatment.  The  majority  of  the  dead  worms  will  be  in  the  liver  and 
will  have  undergone  considerable  deterioration  (with  concurrent 
dead  worm  granuloma  formation)  by  day  20  post- treatment. 

4.  Results  of  Drug  Testing.  Tables  3  through  8  represent  all  drug 
testing  results.  A  summarization  of  these  results  indicates  that 
of  the  591  PMT  and  474  PCT  compounds  tested,  152  (25%)  were  PMT 
retests  of  previously  tested  drugs  and  33  (7%)  were  PCT  retests. 
Additionally  87  (15%)  PMT  compounds  and  44  (9%)  PCT  compounds  were 
tested  twice  during  the  reporting  period  because  of  toxicity  or 
unconfirmed  activity.  Tables  3  and  6  identify  those  compounds 
which  were  reported  as  unconfirmed  or  confirmed  actives  in  their 
respective  .tests.  In  the  PMT,  18  compounds  were  reported  as  such 
(Table  3).  All  but  three  of  these  were  in  dose  response  tests, 
and  all  represent  retests  of  compounds  confirmed  as  active  in  pre¬ 
vious  years.  Many  of  them,  however,  are  now  reported  active  in  a 
wider  range  of  dosages  than  previously  reported.  In  the  PCT,  40 
compounds  were  reported  as  confirmed  or  unconfirmed  actives  (Table 
6).  Of  these,  7  compounds  represent  PCT  retests  from  previous 
years,  6  of  which  were  tested  under  dose  response  conditions  (see 
PMT  tests  above).  All  of  the  remaining  33  compounds  were  tested 
for  the  first  time  in  FY79. 

In  the  identification  of  active  compounds,  primary  reference  is 
made  only  to  the  bottle  code  numbers  (and  corresponding  Brazil 
numbers)  since  many  (but  not  all)  of  the  compounds  that  we  receive 
are  protected  proprietary  secrets  ("commercially  discreet").  We 
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have,  however,  identified  below  the  general  classes  of  the  more 
significant  non-discreet  active  compounds.  Numbers  in  parentheses 
represent  the  number  of  compounds  of  each  class  which  showed  indi¬ 
cations  of  activity.  For  the  PMT  these  are: 

heavy  metals  (5) 

quinoline  methanols  (3) 

nitro  vinyl  furan  (1) 

nitro  diphenyl  isotheocyonate  (1) 

For  the  PCT  these  are: 

acridine  (3) 
nitrofuran  (2) 
heavy  metals  (2) 
piperazine  (1) 
fluorene  methanol  (1) 

8-ami  noquinoline  (1) 
quinoline  methanol  (1) 
phenanthrene  methanol  (1) 


I 


TABLE  2 


Proposed  protocol  for  the  performance  of  the  Secondary  Curative  Test 
(SCT)  in  the  anti-schistosome  drug  development  program  of  USAMRU- 
Brasilia. 


Day  Procedure 

0  Exposure  all  but  10  mice  to  80-100  SmC 

33  Divide  all  mice  into  the  following  groups: 


Uninfected/No  Rx  .  10  mice 

Infected/No  Rx  .  80  mice 

Infected/Rx  Nirid.  160  ...  40  mice 

Infected/Rx  Oxam  100  .  40  mice 


Infected/Rx  Exp.  Drug  -  (40)  mice/drug/dose/route 


★ 


33-37  Treat  all  mice  (x  mg/kg/day  X  5  days) 

40  Sacrifice  h  of  each  group  (Day  3  post-Rx) 

★  ★ 

43  Sacrifice  h  of  each  group  (Day  6  post-Rx) 

50  Sacrifice  %  of  each  group  (Day  13  post-Rx) 

57  Sacrifice  %  of  each  group  (Day  20  post-Rx) 


* 

The  number  of  mice  per  test  drug  is  to  be  determined  on  a  drug- 
by-drug  basis  and  is  dependent  upon  the  quantity  of  drug  available. 
Under  normal  conditions  use  40  mice  per  test  drug  group  if  sufficient 
drug  quantities  are  available.  Run  as  many  experimental  drug  groups 
as  the  supply  of  mice  permits. 

** 

Each  mouse  is  to  be  killed  by  heparinized  sodium  pentabarbitol , 
perfused  and  "liver  pressed".  Total  worm  burden  will  be  recorded 
as  "Living"  and  "Dead"  and  will  be  expressed  as  the  sum  of  those 
perfused  and  those  observed  in  the  liver.  Worms  recovered  will  be 
killed,  fixed  and  preserved  in  AFA  for  further  analysis. 
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TABLE  6  (continued) 


05136  BH73216  79171  100  SQ  Active  (23) (M)  Unconfirmed 
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05622  BJ03205  79122  100  SQ  Toxic 
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Compounds  screened  in  the  Primary  Curative  Test  (PCT)  system  against  S.  mansonj  during  FY79 
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TABLE  7  (continued) 


100  T 
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100  T 


Compounds  screened  in  the  Primary  Curative  Test  (PCT)  System  against  S.  mansoni  during  FY79  and 
Jetermined  to  be  inactive  and  non-toxic  at  the  test  dosages  indicated.  All  compounds  were 


TABLE  8  (continued) 


04838  AB95496 


04882  AD42842  100  04897  AD44051 


AD50728 


TABLE  8  (continued) 


04940  AE00714  100  04959  AE27411 


05035  BH70144  100  05050  ADI  0528  100 


TABLE  8  (continued) 


05127  BH73510  100  05183  AF82328 


TABLE  8  (continued) 


05205  AT30931  TOO  05223  AT64428 


05240  AT76795  100  05257  AT83183 


TABLE  8  (continued) 
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PART  II.  CLINICAL,  EPIDEMIOLOGICAL,  IMMUNOLOGICAL  AND  ENTOMOLOGICAL 
STUDIES  ON  MALARIA  IN  AMAZONAS,  BRAZIL,  ALONG  THE  ITUXI 
RIVER. 


1 .  General : 

A  program  of  studies  on  malaria  in  the  Amazon  Basin  was 
initiated  in  CY  1978.  The  field  site  for  these  studies  is  along 
the  Ituxi  River,  southwest  of  Labrea,  Amazonas,  Brazil  (Figure  1). 

The  operational  headquarters  and  laboratories  in  the  Nucleo  de 
Medicina  Tropical  e  Nutrigao  (Center  of  Tropical  Medicine  and 
Nutrition)  at  the  University  of  Brasilia  provide  the  logistical 
and  technical  support  for  our  studies  in  the  field.  Over-all 
program  objectives  are  to  evaluate:  a)  the  clinical  and  epidemiolo¬ 
gical  aspects  of  malaria,  b)  the  immunological  aspects  of  malaria 
with  increased  emphasis  on  in  vitrei  drug  susceptibility  testing, 
and  c)  the  ecology  and  population  dynamics  of  malaria  vectors. 

The  information  from  these,  and  associated,  studies  is  fundamental 
to  an  understanding  of  the  mechanisms  affecting  continued  malaria 
transmission  despite  ongoing  control  measures  in  these  areas. 

2.  Description  of  the  Field  Study  Area: 

The  Ituxi  Riverv region  is  an  excel  lent. area  for  conducting 
studies  on  malaria  ecology  due  to  the  existence  of  a  high  level  of 
disease  transmission  in  spite  of  active  control  efforts.  The  Ituxi 
is  a  branch  river  of  the  larger  Purus  River.  \Jhe  Ituxi -Purus’  cun- 
fluence  is  located  approximately  10  kilometers'west  of  Labrea  in 
Amazonas  State.  The  Ituxi  headwaters  are  found  in  the  states  of 
Acre  and  Amazonas.  The  terra  firme  and  igapo  habitats  ar*r 
most  frequently  encountered  habitats  al'ong  the  river  (terra  firme 
is  highland  that  is  never  inundated  by  the  river;  igapo  is  composed 
of  low  areas  that  are  inundated  for  several  months  each  year).  The 
Ituxi  River  residents  comprise  a  widely  distributed  and  stable 
community.  They  generally  have  been  born  and  raised  on  this  river 
system.  Houses  normally  are  built  on  terra  firme  and  families  earn 
their  livelihood  by  collecting  rocks  for  construction,  rubber,  latex 
and  castanhas  do  Para.  Subsistence  farming,  hunting,  and  fishing 
are  other  principal  activities. 

3.  Clinical  and  Epidemiological  Studies  of  Malaria  in  Amazonas, 

Brazil : 

a.  Introduction:  Although  measures  to  eradicate  malaria  are  applied 
throughout  the  state  of  Amazonas,  the  incidence  and  prevalence  of  this 
disease  remains  high.  Malaria  surveillance  data  obtained  from  Su- 


perintendencia  de  Campanhas  de  Saude  Publica  (SUCAM)  reveal  that 
Amazonas  remains  in  the  group  of  states  within  Brazil  where  malaria 
control  is  yet  to  be  achieved.  The  slide  positivity  rates  for  these 
states  exceeded  those  from  the  remainder  of  Brazil  by  approximately 
twenty-fold  for  each  of  the  years  1974  through  1978  (Table  9).  The 
average  annual  slide  positivity  rate  for  the  municipality  of  Labrea, 
Amazonas,  was  11.28?£  during  this  same  period,  although  it  appears 
that  the  disease  may  be  receding  somewhat  in  the  urban  areas  (Table 
10).  These  data  evidence  the  continued  significance  of  malaria  in 
Brazil  and  serve  as  indicators  of  the  amount  of  work  yet  to  be  done 
toward  the  eventual  goal  of  eradication. 

b.  Objectives:  The  objectives  of  the  clinical  and  epidemiological 
studies  are  to: 

1)  determine  the  influence  of  migration  on  the  perpetuation 
of  malaria  endemicity; 

2)  establish  the  clinical  events  of  malaria  infections  for 
future  comparisons  and  evaluations; 

3)  determine  the  level  of  antimalarial  antibodies  in  this 
population  and  correlate  this  with  spleen  sizes; 

4)  monitor  boat  traffic  on  the  river  to  determine  the 
impact  of  population  movement  on  malaria  endemicity. 

c.  Methods:  Methods  used  to  accomplish  these  objectives  are: 

1)  accurate  mapping  of  the  study  area  and  censusing  to 
determine  the  number  and  location  of  residents  along  the  river; 

2)  the  initial  clinical  examination  of  at  least  85-90"  of 
the  population  with  special  interest  in  slide  positivity  rates  and 
spleen  size; 

3)  the  collection  of  sera  for  antimalarial  serological 

testing; 

4)  the  performance  of  follow-up  examinations  and  repeated 

testing. 

d.  Progress:  The  preliminary  mapping  and  the  census  of  the  study 
area  have  been  accomplished.  Although  the  exact  percentage  of 
persons  examined,  as  well  as  certain  other  clinical  correlations, 
is  unavailable  due  to  incomplete  computer  analysis,  it  appears 
that  the  projected  85-90%  of  the  population  has  been  examined.  The 
total  study  population  consists  of  155  families  including  941 
persons,  or  an  average  of  6.07  persons/family.  A  total  of  1153 


TABLE  9 


Distribution  of  the  index  of  malaria  incidence  in  Brazil  by  slide 
positivity,  1974-1978,  for  all  species  of  malaria  (Source:  SUCAM). 


Geographical  area  of 

Brazil  according  to  _ Percent  Slide  Positivity  Rate 

degree  of  malaria  ...  ^ 


eradicati on 

1974 

1975 

1976 

1977 

1978 

Eradication  nearing 
completion . 

0.7 

0.7 

0.5 

0.5 

0.5 

Eradication  only  on 
a  long-term  basis. . 

9.8 

10.1 

10.5 

10.5 

10.9 

TABLE  10 

Malaria  slide  positivity  rates  for  the  municipality  of  Labrea,  Ama¬ 
zonas,  1974-1978  for  all  species  of  malaria  (Source:  SUCAM). 


Year 

Number 

of 

Slides  Examined 

Number 

of 

Positives 

Percent 
Posi ti ve 

1974 

2264 

208 

9.18 

1975 

1205 

165 

13.69 

1976 

1774 

305 

17.19 

1977 

856 

73 

8.52 

1978 

1841 

145 

7.87 

Totals 

7940 

896 

11.28 

slides  have  been  examined  with  a  total  of  90  positives  (7.8%),  43 
being  Plasmodium  falciparum  and  47  being  £_.  vivax.  The  age  distri¬ 
bution  of  these  perons  with  positive  smears  by  species  of  malaria 
i s  given  in  Table  1 1 . 

A  total  of  1014  serum  and  filter  paper  samples  have  been  tested 
from  this  population,  although  filter  paper  data  gave  sufficiently 
poor  results  to  not  be  included  in  the  analysis.  Of  all  sera  tested, 
91.643  were  positive  for  antimalarial  IgG  and  30.543  were  positive 
for  antimalaria  IgM.  The  age  distribution  of  persons  with  positive 
serologies  is  shown  in  Table  12.  The  low  incidence  of  malaria  anti¬ 
bodies,  notably  IgM,  in  the  younger  age  groups  is  of  interest  because 
of  the  high  rate  of  slide  positivity  in  these  same  groups.  .  One 
possible  explanation  that  has  been  considered  is  that  prompter  chlo- 
roquine  treatment  of  these  younger  individuals  due  to  a  more  severe 
clinical  course  and  earlier  appearance  of  fever  may  result  in  de¬ 
creased  antibody  production.  The  ubiquitous  availability  of  chlo- 
roquine  and  the  presumptive  treatment  of  all  fevers  with  this  drug 
lend  some  credibility  to  this  theory,  but  it  is  far  from  proven  at 
this  point  and  further  investigation  in  needed. 

Another  interesting  correlation  exists  between  spleen  rates  and 
the  serological  data.  Of  217  persons  with  a  palpable  spleen,  197 
(90.783)  had  significant  levels  of  IgG  and  the  remaining  20  persons 
without  positive  serologies  were  all  less  than  20  years  of  age.  In 
the  remaining  group  of  112  persons  without  a  palpable  spleen,  101 
(90.18%)  had  positive  IgG  serologies  and  the  11  persons  with  nega¬ 
tive  serologies  were  again  all  under  20  years  of  age.  These  data 
indicate  that  serological  screening  for  the  presence  of  antimalarial 
IgG  is  a  better  measure  of  malaria  prevalence  than  spleen  surveys, 
certainly  in  persons  over  20  years  of  age.  It  should  also  be  noted 
that  there  was  a  much  weaker  correlation  between  spleen  rates  and 
the  presence  of  antimalarial  IgM.  Further  study  of  these  relation¬ 
ships  is  desirable. 

Table  13  presents  comparison  data  between  a  group  of  63  persons  who 
had  temporarily  migrated  into  the  interior  of  the  jungle  and  63 
perons  permanently  residing  on  the  river.  Based  on  antimalarial 
IgM  rates,  the  population  remaining  near  the  river  appear  to  have 
a  higher  incidence  of  disease  than  the  migrants,  implicating  areas 
nearer  the  river  as  being  more  active  sites  of  transmission.  Anti¬ 
malarial  IgG  rates  v/ere  higher  in  the  migrant  population,  although 
not  markedly  so,  and  say  little  regarding  the  source  of  their 
previous  exposure,  the  interior  areas  versus  the  riverine  areas. 
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Percent  positivity  of 
population  by  age. 


Age  Group 
0-4 
5-9 
10-14 
15-19 
20-24 
25-29 
30-40 
41-49 
>  50 


TABLE  12 

arial  serologies  of  the  Ituxi  River 


Percent  Postive  Seroloaies 


IgG  Iql 

81 

0 

67 

4 

87 

18 

92 

21 

100 

36 

100 

53 

97 

47 

100 

33 

95 


54 


TABLE  13 


Comparison  of  antimalarial  seropositivity  between  a  group  of  migrants 
to  the  jungle  interior  and  a  non-migrant  riverine  population,  Ituxi 
River  study  area. 


Percent  Serological 

Posi ti ves 

Populati on 

IgG 

IqM 

Mi  grants 

92.4 

26.4 

Non-migrants 

86.8 

37.7 

In  another  attempt  to  clarify  the  transmission  patterns  of  malaria 
within  this  area,  a  group  of  42  persons  who  travel  the  river  by  boat, 
but  who  do  not  live  in  the  study  region,  were  studied  serologically. 

Of  these,  a  total  of  27  (64.28:')  were  positive  for  IgG  and  13  (30.95  ) 
were  positive  for  IgM.  Since  the  rate  of  positive  serologies  in 
,f"iS  group,  particulari ly  for  IgM,  does  not  differ  markedly  from 
jt  of  the  resident  population,  the  impact  that  these  river  trav- 
rs  have  on  the  overall  transmission  patterns  of  malaria  is 
questionable.  However,  these  persons  may  play  an  important  role  in 
the  annual  reintroduction  of  £.  falciparum  into  the  study  area  after 
the  apparently  temporary  disapperance  of  this  parasite  during  the 
dry  season  of  certain  years.  This  contrasts  with  P_.  vivax  which 
occurs  at  reduced,  but  still  significant,  levels  throughout  the  dry 
season,  mainly  in  the  form  of  recrudescent  disease.  The  mobile 
populations  also  may  be  effective  carriers  of  malaria  between  family 
units  during  the  malaria  transmission  season. 

Further  analyses  of  presently  available  data  are  continuing  and  more 
field  studies  in  the  Ituxi  region  are  being  planned  for  FY80. 

4 .  Immunological  studies  of_  malaria  in  Amazonas,  Brazil! 

a.  Introduction:  The  program  in  malaria  immunology  was  established 
at  the  University  of  Brasilia  in  the  Center  of  Tropical  Medicine 
and  Nutrition  in  October,  1973.  Suitable  laboratory  space  was 
selected,  necessary  physical  modifications  were  made,  and  equipment 
was  installed  during  a  start-up  phase  of  approximately  four  and  one- 
half  months.  Since  that  time,  much  progress  has  been  made  toward  the 


initial  goal  of  providing  full  laboratory  support  for  the  clinical 
and  epidemiological  studies  of  malaria  presently  being  conducted 
from  this  center.  Two  technicians  have  been  fully  trained  in  all 
of  the  techniques  utilized  in  the  routine  operation  of  the  labo¬ 
ratory  and  efficiently  assist  in  all  aspects  of  the  ongoing  research. 
The  malaria  serological  studies  and  the  necessary  support  activities 
of  this  operation  are  functioning  at  a  level  of  proficiency  to  allow 
expanded  efforts  in  the  areas  of  drug  susceptibility  testing  and  the 
study  of  the  in  vitro  cultivation  characteristics  of  local  strains 
of  P_.  falciparum  as  they  are  obtained  from  the  various  study  areas. 

b.  Objectives:  The  objectives  of  the  malaria  immunology  program 
are  to  perform: 

1)  malaria  serological  testing; 

2)  drug  susceptibility  testing  of  Brazilian  strains  of  P_. 
falciparum. 

3)  collection,  cryopreservation,  and  storage  in  stabilate 
form  of  strains  of  P_.  falciparum  to  provide  material  for  ongoing 
studies  and  to  serve  as  a  reference  in  monitoring  future  patterns 
of  drug  susceptibility  in  the  Amazon  region  of  Brazil; 

4)  laboratory  support  of  ongoing  studies  of  patients  with 
tropical  splenomegaly  syndrome  from  the  Ituxi  study  region;  and 

5)  other  tests,  such  as  the  species-specific  indirect 
fluorescent  antibody  test,  to  study  the  immunologic  characteristics 
of  malaria  in  Brazil  as  logistical  capability  permits. 

c.  Methods:  Methods  used  to  accomplish  these  objectives  are: 

1)  maintenance  of  a  constant  and  dependable  source  of  malaria 
antigen  by  the  on-sit.e  i_n  vi tro  cultivation  of  P.  falciparum  (2,3) 
using  blood  components  locally  available  from  the  teaching  hospital 
in  Sobradinho,  DF,  Brazil; 

2)  routine  use  of  the  indirect  fluorescent  antibody  test 
(IFAT)  as  the  standard  serologic  test  for  determining  levels  of 
antimalarial  antibodies  (4)  using  commercial  anti  - 1 gG  and  anti-IgM 
fluorecein-labelled  gluoulins; 

3)  use  of  the  in  vitro  technique  of  chloroquine  susceptibi¬ 
lity  testing  '5)  to  study  the  drug  resistance  patterns  of  local 
strains  of  P.  falciparum. 

4)  development  of  the  species-specific  malaria  IFAT  (6) 
using  locally  obtained  P.  vi vax  antigen  from  patients  infected  with 
this  organism  as  logistical  capabilities  permit;  and 
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5)  quantitative  determination  of  IgM  levels,  particularly 
in  patients  with  tropical  splenomegaly  syndrome,  by  the  radial 
immunodiffusion  assay  system  (7)  using  commercially-acquired  kits. 

d.  Progress:  In  February,  1979,  the  jni  vi tro  cultivation  of  P_. 
falciparum  (Strain  Cbl ,  Department  of  Immunology,  Walter  Reed 
Army  Institute  of  Research)  was  initiated  using  the  tissue  culture 
flask/mixed  gas  system.  This  strain  has  demonstrated  excellent 
growth  characteristics  and,  until  recently,  has  served  as  the 
standard  laboratory  strain  for  antigen  production.  The  cultivation 
has  been  interrupted  voluntarily  on  various  occasions  by  cryopreser- 
vation  of  the  stock  material  and  then  restarted  by  deglycerinization 
as  the  need  for  antigen  to  prepare  slides  for  the  IFAT  has  dictated. 

The  candle  jar  culture  system  using  either  standard  Petri  dishes  or 
96-well  microtiter  plates  has  been  incorporated  with  excellent 
technical  results,  and  in  many  ways  is  preferred  over  the  flask 
system  because  of  its  greater  simplicity,  economy,  and  the  facility 
of  medium  changes. 

On  25  July  1979,  at  a  field  site  on  the  Ituxi  River,  one  strain  of 
P_.  falciparum  from  an  untreated  patient  was  cryopreserved .  A  total 
of  7  NUNC  tubes  of  stabilate  was  prepared  in  the  field  and  2  of  these 
were  used  to  inoculate  4  flasks  of  medium  1640-HEPES/105-  fresh  frozen 
plasma  and  fresh,  washed  erythrocytes  on  4  September  1979.  (Unforeseen 
problems  encountered  in  scheduling  air  transportation  of  the  liquid 
nitrogen  cannister  back  to  Brasilia  account  for  the  delay  between 
time  of  collection  of  this  strain  and  subsequent  cultivation  attempts). 
Active  parasite  growth  occurred  in  these  initial  cultures  and  the 
strain  continues  to  thrive  in  continuous  cultivation.  It  has 
presently  been  maintained  for  more  than  one  month  in  this  system. 

High  parasitemias  are  obtained  easily  and  two  lots  of  antigen  slides 
have  already  been  produced,  as  well  as  additional  organisms  for 
cryopreservation.  It  has  also  been  placed  into  the  candle  jar  system 
and  studies  of  its  in  vitro  growth  characteristics  are  in  progress. 

Initial  observations  indicate  that  this  strain  exhibits  a  rate  of 
growth  in  culture  similar  to  or  slightly  higher  than  strain  Cbl.  The 
new  strain  has  been  given  the  name  "Ituxi  084",  after  the  location 
in  which  it  was  collected  and  the  computer  card  number  of  the  patient. 
The  cultivation  of  this  strain  provides  a  preliminary  indication 
that  many  such  strains  may  be  adapted  to  the  continuous  culture 
system  to  allow  in  depth  investigation  of  their  drug  susceptibility 
patterns.  This  strain  is  presently  being  studied  in  the  in  vitro 
chloroquine  susceptibility  test  system  and  useful  data  will  be  avail¬ 
able  in  the  near  future  pertaining  to  its  pattern  of  drug  response. 

The  technical  capability  to  perform  in  vitro  drug  susceptibility 
testing  in  the  field  presently  exists.  On  the  field  trip  earlier 


in  CY  1979,  virtual  cessation  of  P_.  falciparum  transmission  due  to 
an  unseasonably  severe  dry  season  precluded  the  large  scale  imple¬ 
mentation  of  this  test,  however.  Additional  field  trips  later  in 
CY  79  to  a  study  area  near  Manaus  and  early  in  CY  1980  to  Ituxi  are 
planned  with  the  expressed  objectives  of  performing  field  drug 
testing  and  collecting  additional  strains  for  laboratory  cultivation 
and  study.  These  studies  should  provide  much  objective  data  regarding 
the  current  prevalence  of  chloroquine-resi stant  P_.  falciparum  in 
several  fairly  representative  areas  of  the  Brazilian  Amazon  basin. 

Since  March,  1979,  the  IFAT  has  been  in  full,  routine  operation  to 
support  the  ongoing  epidemiological  studies  of  malaria  from  this 
center.  Depending  on  the  number  of  designated  readers,  48  or  96 
tests  have  been  performed  on  a  daily  basis  since  the  initial  stan¬ 
dardization  of  this  procedure.  Excellent  technical  results  are 
being  obtained  from  the  commercially-acquired  antiglobulins  and  the 
P_.  falciparum  antigen  cultivated  here  in  the  laboratory. 

In  addition  to  the  routine  serological  determinations,  the  prelimi¬ 
nary  results  of  which  were  presented  above,  a  study  was  conducted 
to  evaluate  the  applicability  of  the  filter  paper  method  of  collec¬ 
ting  blood  for  subsequent  serological  testing.  The  study  material 
consisted  of  one  group  of  sera  and  two  groups  of  filter  paper  specimens 
obtained  simultaneously  from  the  same  patients.  The  sera  and  one 
group  of  filter  papers  were  stored  at  -  20°C  from  the  time  of  col¬ 
lection  to  time  of  testing,  while  the  second  group  of  filter  papers 
was  stored  atroom  temperature  for  this  same  period.  Approximately 
two  months  elapsed  between  time  of  collection  and  subsequent  testing 
i~  the  IFAT  system.  The  resultant  data  (Table  14)  indicate  that 
neither  group  of  filter  paper  specimens  compared  favorably  to  the 
serum  samples  in  demonstrating  the  presence  of  antimalarial  antibody, 
either  IgG  or  IgM.  These  data,  in  addition  to  similar  findings 
obtained  from  other  filter  paper  specimens  from  the  Ituxi  popu¬ 
lation,  indicate  that  this  method  of  sample  collection  is  almost 
certainly  producing  many  false  negative  results  and  will  not  be 
used  on  a  routine  basis  in  further  serological  studies  of  malaria 
on  the  Ituxi  River. 

Preliminary  studies  are  proceeding  with  the  radial  immunodiffusion 
assay  of  IgM  antibody  levels  in  a  small  group  of  tropical  splenome¬ 
galy  patients  from  the  Ituxi  study  area.  Initial  data  (Table  15) 
indicate  that  high  levels  of  circulating  IgM  are  present  in  these 
patients.  The  titers  of  malarial  antibodies,  also  presented  in 
Table  15,  confirm  that  at  least  a  portion  of  this  circulating  IgM 
is  specific  for  malaria,  although  as  has  been  earlier  observed  in 
this  syndrome  (8),  other  types  of  IgM  appear  to  occur  in  significant 
quantities  in  these  patients.  Further  investigation  of  these 
relationships  is  proceeding. 
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TABLE  14 


Malarial  antibody  positivity  rates  in  a  controlled  study  of  serum 
and  filter  paper  specimens  simultaneously  collected  from  the  same 
individuals,  Ituxi  River  study  area. 


Percent 

Positive 

Sample 

IgG 

IgM 

Serum  (-20°C  storage) 

100 

25.5 

Filter  papers  (-20°C  storage) 

72.3 

6.3 

Filter  papers  (Ambient 
temperature  storage) 

27.6 

0 

TABLE  15 

Antimalarial  IgG  and  IgM  titers  by  the  immunofluorescent  antibody 
test  and  total  circulating  IgM  levels  by  radial  immunodiffusion 
assay  in  four  tropical  splenomegaly  patients,  Ituxi  River  study 
population. 


Malarial 

antibody  titers 

Level  of  total  circulating  IgM 

Patient 

IgG 

IgM 

(mg/dl ) 

M.  S.  0. 

1:1280 

1 :80 

460 

M.  V.  P. 

1:320 

1 :80 

665 

F.  S.  0. 

1:1280 

1:320 

2300 

C.  S.  0. 

1 : 51 20 

1 :1280 

2300 

a.  Introduction:  The  Amazon  Basin  is  classified  as  "refractory" 
to  malaria  control  efforts.  This  classification  is  based  on  the 
persistance  of  malaria  transmission  in  spite  of  the  control  program. 
The  success  of  the  program  rests  on  controlling  the  vector  popula¬ 
tions  by  house  spraying  with  DDT.  Obviously,  "refractoriness" 
indicates  that  due  to  some  condition  or  complex  of  conditons  the 
treatment  of  houses  with  DDT  does  not  interdict  malaria  transmission 
as  expected.  As  part  of  an  integrated  approach  to  define  the  caus¬ 
ative  factors  for  continued  malaria  transmission,  emphasis  in  the 
vector  studies  has  been  to  establish  the  broad  parameters  of  vector 
behavior  that  have  direct  impact  on  the  effectiveness  of  house 
spraying  with  DDT.  Our  field  work  along  the  Ituxi  River  brought 

us  in  contact  with  another  entomological  phenomenon  that  might 
influence  the  effectiveness  of  malaria  vector  control  efforts.  This 
occurs  in  the  form  of  a  male  bee  that  seems  to  actively  remove  DDT 
from  treated  houses.  Preliminary  observations  have  been  made  on 
these  bees;  thus,  the  results  of  our  entomological  investigations 
will  be  presented  in  two  separate  categories  as  1)  the  ecology  and 
populations  dynamics  of  malaria  vectors  and  2)  the  role  of  euglossine 
bees  in  the  removal  of  DDT  from  sprayed  houses. 

b .  The  Ecology  and  Population  Dynamics  of  Malaria  Vectors. 

1)  Objective:  To  describe  the  behavioral,  morphological  end  physio¬ 
logical  characteristics  of  the  malaria  vectors  in  Brazil,  with  special 
emphasis  on  Anopheles  darlingi  Root. 

2)  Background: 

The  definitive  research  efforts  on  malaria  in  the  Amazon  region  were 
conducted  from  1930-1950  (9,  10,  11,  12,  13).  Results  from  these 
studies  revealed  the  principal  vector  in  the  Amazon  interior  to  be 
Anopheles  darlingi  Root.  Secondary  vectors  were  found  to  be  An. 
(Nyssorhynchus)  albitarsis  Lynch  Arribalzaga  and  perhaps  An.  T~Ny . ) 
brasiliensis  (Chagas).  The  major  vector  is  generally  considered 
to  be  a  riverine  mosquito  and  most  studies  in  the  epidemiology  of 
malaria  have  been  conducted  in  riverine  semi -urban  hatitats. 

Anopheles  darlingi  is  the  most  important  vector  of  malaria  in  South 
America  04,  15)7  Because  this  species  prefers  sunlight,  its  greatest 
density  is  along  major  river  valleys,  and  it  proliferates  wherever 
human  activities  result  in  the  removal  of  shade-producing  forest. 

An.  darl ingi  is  also  strongly  attracted  to  man  and  rests  indoors 
TT4,  16).  It  seems  that  An.  darlingi  are  still  physiologically 
susceDtible  to  DDT  and  only  recently  has  behavioral  resistance  to 


DDT  been  reported  (17).  Unfortunately,  no  supportive  data  have  been 
presented  to  quantify  that  observation. 


In  forest  areas  away  from  rivers,  other  species  may  transmit  malaria 
secondarily  (18).  These  species  are  shade  tolerant  and  commonly 
bite  and  rest  outdoors  (14).  Control  by  the  application  of  residual 
insecticides  to  the  interior  walls  of  dwellings  is  therefore  of 
limited  value.  Species  which  have  been  incriminated  as  secondary 
vectors  in  northeastern  South  America  include  Anopheles  nuneztovari , 
An.  triannul atus ,  An.  oswaldoi ,  An.  brasil iensi s ,  An.  mediopunctatus , 
An.  albi tarsi s.  An .  bellator ,  An .  cruzi ,  and  An_.  homunculus  (14,  16) . 
However,  the  exact  role  of  secondary  vectors  in  the  maintenance  of 
malaria  has  not  been  clarified. 

Anopheles  nuneztovari  is  probably  a  complex  comprising  at  least  two 
species  in  northern  Brazil,  with  some  of  the  species  being  malaria 
vectors,  others  not  (19,  20).  There  are  undoubtedly  other  groups 
of  sibling  species  among  anopheline  species  in  Brazil  that  are  malaria 
vectors,  e.£. ,  An.  oswaldoi .  In  many  instances,  resolution  of  the 
morphological  forms  and  geographical  strains  of  anophelines  trans¬ 
mitting  malaria  can  be  accomplished  only  after  the  study  of  a  series 
of  individually  reared  specimens  from  many  geographic  areas,  and  in 
some  cases,  only  after  the  comparative  study  of  chromosome  morpho¬ 
logy  (15). 

3)  Methods : 

An  entomological  survey  of  the  peri domi ci 1 i ary  environments  along 
the  Ituxi  River  was  conducted  in  July  and  August  1979  (Fig.  1). 

The  survey  consisted  of  conducting  human  bait  collection  near  or  in 
houses  at  sunset  and  of  opportunistically  dipping  for  larvae  in 
various  types  of  water.  In  the  latter  part  of  this  trip  a  sequence 
of  3  all  night  biting  collections  were  conducted  at  Floresta  (Fig. 

1).  Collections  were  conducted  for  30  min  each  hour  with  one  team 
of  collectors  (2  men  per  team)  in  a  house  open  on  three  sides  while 
another  team  collected  in  an  open  area  about  20  m  from  the  house. 

Each  hour  the  teams  were  rotated  between  sites  and  the  third  night 
the  team  members  were  changed.  In  addition,  2  tests  for  physiolo¬ 
gical  resistance  of  Atk  darl ingi  to  DDT  were  conducted.  Test  spec¬ 
imens  were  wild  caught  females  from  human  bait  collections.  Prior 
to  setting  up  each  test  the  females  were  observed  for  3-4  hours 
to  identify  and  remove  any  damaged  specimens.  Females  were  not 
given  sugar  water;  but  were  furnished  with  pads  soaked  in  plain 
water  following  a  1  hr  exposure  to  DDT  treated  papers.  The  world 
Health  Organization  test  kit  and  test  procedures  were  employed  to 
conduct  these  tests  (21). 
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Results  from  the  above  studies  emphasized  the  need  for  an  experi¬ 
mental  house  for  more  detailed  studies  on  the  behavior  of  darl i ngi 
populations.  House  construction  at  Floresta  was  initiated  in 
October  1978  and  completed  in  January  1979.  The  house  was  construc¬ 
ted  with  1)  a  palm  thatch  roof,  2)  walls  constructed  of  palm  slats, 
and  3)  one  small  room  with  a  wood  plank  floor  and  another  of  palm 
slats.  The  wood  plank  floor  provided  the  necessary  stability  for 
work  with  a  microscope,  etc.  All  windows  (8  in  total)  were  of 
equal  size  so  entrance  and  exit  traps  would  be  interchangeable. 

The  house  was  wired  for  electricity  provided  by  a  3  KVA  generator. 

The  first  series  of  detailed  studies  was  conducted  in  February  - 
March  1979,  and  follow-up  observations  were  made  in  May  -  June  1979. 

The  following  study  methods  were  employed: 

a)  Paired,  outdoor-indoor  human  bait  collections  were  conduc¬ 
ted  in  a  uniform  manner  throughout  the  night  and  day  to  determine  the 
indoor-outdoor  patterns  of  biting  activity.  Collections  were  conduc¬ 
ted  15  min/hr  by  one  person  at  each  site.  Collectors  were  continually 
rotated  between  collecting  sites  and  teams  were  switched  every  6  hours. 
Furthermore,  teams  were  rotated  between  shifts  every  night.  The  all 
night  collections  were  conducted  simultaneously  with  the  entrance- 
exit  trap  collections.  Two  series  of  collections  throughout  the  day 
were  conducted.  Data  will  be  reported  from  series  conducted  24  -  27 
February  1979  and  31  May  -  7  June  1979.  Temperature  and  humididy, 

was  recorded  every  6  hours  for  the  first  series  and  at  hourly  inter¬ 
vals  for  the  May-June  investigations. 

b)  Entrance  and  exit  traps  placed  in  windows  were  collected 
at  2  hr  intervals  throughout  the  night  (1800-2000,  2000-2200,  etc). 

Each  trap  had  a  sleeved  opening  for  removing  captured  specimens 
with  a  mechanical  aspirator.  A  Safari  Fluorescent  lamp  was  used 

to  illuminate  the  trap  interior  after  the  entry  portal  to  the  trap 
was  closed  with  towels.  We  began  closing  the  traps  after  we  observed 
blood  engorged  0  5  darlingi  actively  entering  traps  in  response  to 
the  bright  fluorescent  light,  i_.e. ,  they  demonstrated  a  positive 
phototaxis.  All  specimens  were  identified  and  individuals  from  exit 
traps  were  examined  for  age  grading  of  blood  meals  according  to 
Sella's  scheme  for  stages  of  blood  meal  digestion  and  ovarian  deve¬ 
lopment  (22). 

c)  Sella's  method  for  evaluating  the  stages  of  blood  meal 
digestion  and  ovarian  development  was  employed  with  specimens  caught 
in  exit  traps  to  determine  elapsed  time  after  engorgement.  A  study 
was  conducted  in  February  1979  to  evaluate  Sella's  criteria  with  An. 
darlingi  at  in-house  temperatures.  This  study  was  conducted  by 
holding  individual  engorged  females  for  variable  periods  of  time; 
they  were  then  killed  and  inspected  for  concordance  with  one  of  the 
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stages  proposed  by  Sella.  A  total  of  100  females,  engorged  on 
human  blood,  were  included  in  this  study. 

d)  Blood-engorged  An.  darlingi  were  collected  in  the  perido- 
miciliary  environment  during  the  early  evening,  marked  with  USR 
fluorescent  pigment  1953  and  released  in  the  house  at  2200.  Marking 
was  accomplished  by  blowing  the  powder  into  a  small  holding  cage 
containing  the  specimens.  Periodic  observations  with  a  Black-Ray, 
ULV.56,  long  wave  ultra-violet  lamp  were  made  following  release  to 
determine  the  preferred  resting  site  of  blood-fed  specimens.  These 
studies  were  conducted  on  2  separate  occasions  (22  and  28  February 
1979)  and  100  specimens  were  marked  for  each  study. 

e)  Two  tests  were  conducted  to  determine  the  preferred  resting 
sites  of  unfed  specimens  and  the  time  of  feeding  during  the  night. 
Specimens  were  collected  from  the  entrance  traps,  during  the  1800- 
2000  hour  interval,  marked  and  then  released  within  the  house  at 
2040  hr.  All  specimens  caught  in  the  subsequent  hourly  human  bait 
collections  were  inspected  for  the  presence  of  marked  specimens. 

f)  A  series  of  resting  collections  were  conducted  28  February- 
1  March  1979.  Three  separate  collections  were  conducted  for  5  min¬ 
utes  simultaneously  inside  the  house,  from  the  external  walls  and 
from  vegetation  near  the  house.  Two  series  were  conducted  in  the 
evening  at  half  hour  intervals  from  1830  to  2105  hr.  and  one  series 
in  the  early  morning  from  0540-0715.  Resting  adults  were  captured 
with  a  mechanical  aspirator. 

g)  Studies  were  undertaken  on  the  distribution  of  host-seeking 
An.  darlingi  populations  by  distance  from  the  peridomicil iary  envi¬ 
ronments.  A  single  collector  was  stationed  at  each  of  3  sites:  one 
>  10  m  from  the  house,  another  at  20  m  and  the  3rd  at  40  m  from  the 
house.  Collections  were  conducted  simultaneously  for  15  min  each 
from  1750  to  2005  on  3  and  4  June  1979. 

4)  Progress: 

Anopheles  darlingi  were  consistently  present  in  the  peridomicil iary 
habitats  along  the  Ituxi  and  Uaquire  River  systems.  This  species 
was  also  found  along  the  lower  reaches  of  the  Endimari  River.  The 
entire  River  network  is  sparsely  populated  with  single  family 
dwellings  that  commonly  have  associated  populations  of  Atk  darlingi  . 

Data  from  the  insecticide  resistance  tests  are  presented  in  Table 
16.  The  LC50,  estimated  on  log  probit  graph  paper,  with  combined 
data  from  2  tests,  is  0.72%  DDT  and  clearly  within  the  susceptible 
range. 
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TABLE  16 


Result  from  2  tests  for  physiological  resistance  to  DDT  of  ?  + 
Anopheles  darlingi  Root.  Females  were  caught  in  human  bait  collec¬ 
tions  from  1830-2030  hr  at  Floresta,  Ituxi  River,  Amazonas,  Brazil. 
Tests  were  initiated  at  2300  hr  on  the  night  of  collecting  the  test 
specimens . 


Test  No.  %  DDT 


Number  Number 

tested  moribund  or  dead 


1 


* 


2 


** 


0.0 

40 

5 

0.5 

40 

17 

1.0 

36 

28 

2.0 

39 

36 

4.0 

38 

38 

0.0 

30 

4 

0.5 

39 

22 

1.0 

24 

12 

2.0 

42 

39 

4.0 

41 

41 

* 

Test  performed  13-14  July  1978. 

** 


Test  conducted  1-2  August  1978. 


( 


A  bimodal  pattern  of  biting  activity  was  documented  for  An.  darl ingi 
both  inside  and  outside  of  a  non-enclosed  house  at  Floresta  in  August 
1978.  Peak  activity  was  during,  and  immediately  after,  sunset  and  at 
sunrise  (Fig.  2).  It  is  significant  that  no  marked  differences  were 
found  in  the  activity  cycles  of  darl i ngi  in  the  house  and  in  an  open 
area  near  the  house. 

Two  separate  series  of  studies  on  activity  patterns  in  a  house  with 
complete  walls  were  conducted.  Uniform  methods  were  applied  during 
both;  thus,  findings  are  presented  as  combined  results  with  reference 
to  the  separate  series  as  study  1  (February  -  March  1979)  and  study 
2  (May  -  June  1979).  Weather  conditions  were  different  for  studies 
1  and  2  with  temperature  range  limits  of  24-31°C  recorded  for  study 

1  and  16-30°C  for  study  2. 

A  bimodal  pattern  of  biting  activity  in  the  peridomiciliary  environ¬ 
ment  (within  10  m  of  the  house)  was  documented  in  the  August  1978 
series  of  human  bait  collections  and  in  studies  1  and  2  in  1979 
(Figs.  2,  3  and  4).  Peak  activity  occurred  during,  and  preceeding, 
sunset  with  a  secondary  peak  at  sunrise  (at  approximately  0600). 

The  secondary  peak  was  not  well  expressed  in  the  study  2  collections. 
These  activity  patterns  were  compared  by  calculating  cumulative  per 
cent  distributions  for  each  and  testing  in  the  Kolmogorov-Smirnov 
two  sample  test  (23).  No  significant  differences  were  detected  in 
these  analyses. 

Human  bait  collections  were  conducted  inside  the  experimental  house, 
during  studies  1  and  2,  to  determine  the  pattern  of  activity  within 
a  completely  enclosed  house.  Collections  in  study  1  revealed  a  sharp 
increase  in  activity  after  sunset  with  more  or  less  continuous  ac¬ 
tivity  throughout  the  night.  There  was  no  detectable  peak  in  activ¬ 
ity  at  sunset  or  sunrise.  The  minimum  temperature  recorded  during 
these  collections  was  24°C. 

In-house  biting  activity  during  study  2  was  most  intense  at,  and  3  h 
following,  sunset.  After  2147  the  activity  dropped  and  remained  low 
the  rest  of  the  night.  A  comparison  of  results  from  studies  1  and 

2  with  the  Kolmogorov-Smirnov  two  sample  test  revealed  significant 
difference  (p  <  0.01)  between  the  2  activity  patterns. 

It  is  reasonable  to  explain  deviations  form  expected  activity  patterns 
by  notable  differences  in  study  conditions.  Therefore,  we  hypoth¬ 
esized  that  low  temperatures  suppressed  host-seeking  activity  of  An. 
darl ingi  during  study  2.  We  tested  this  hypothesis  by  anlyzing 
sequential  collections  for  2  activity  intervals  with  the  Kendall 
Rank  Correlations  and  Kendall  Partial  Rank  Correlation  Coefficients 
(23).  Data  available  for  analysis  consisted  of  numbers  collected 
per  collection,  time  of  collection  and  temperature  at  the  time  of 
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Figure  2.  Numbers  of  Anophel es  darl i ngi  Root  from  3  nights  of  human 
bait  collections  at  Floresta,  Ituxi  River,  Amazonas,  Brazil  in  August 
1978.  Collections  conducted  by  2  collectors  for  30  min.  each  hour 

(o _ „  inside  of  a  house  with  one  wall  only;  „ _ *  open  area 

near  the  house). 
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Figure  3.  Numbers  of  Anophel es  darl i ngi  Root  from  3  nights  of 
human  bait  collections  at  Floresta,  Ituxi  River,  Amazonas,  Brazil 
in  February  1979.  Collections  conducted  by  1  collector  each  in  the 
house  and  within  10  in  of  the  house  for  15  min.  each  hour  (plotted 
by  midpoint  of  collection  intervals). 


AVERAGE  NUMBER  PER  15  MIN  COLL 


Ficure  4.  Numbers  of  Anopheles  darl  i n£j_  Root 
bait  collections  at  Floresta,  Ituxi  River,  Amazonas 
3  June  79.  Collections  conducted  by  1  collector 
and  within  10m  of  the  house  for  15  min.  each 
midpoint  of  collection  intervals). 


from  3  nights  of  human 
Brazil,  31  May- 
each  in  the  house 
hour  (plotted  by 


each  collection.  Objectives  of  this  test  procedure  were  to  determine 
the  relative  contributions  of  collection  time  and  temperature  to 
numbers  collected.  The  problem  of  endogenous  activity  rhythm  influ¬ 
ence  on  numbers  collected  by  chronological  time  was  minimized  by 
testing  3  nights  of  sequential  data  from  defined  activity  intervals. 
Our  cumulative  data  revealed  4  activity  intervals  for  Ain.  darl  inoi 
in  the  peridonici  1  iary  environment,  y_i_z.,  very  low  activity  during 
the  day,  peak  activity  for  about  3  hr  during  and  after  sunset,  mod¬ 
erate  to  low  activity  during  the  2200  -  0530  interval  and  a  secondary 
peak  of  intense  activity  for  <  30  min.  at  sunrise  (0600  +  10  min). 
Therefore,  separate  tests  were  conducted  on  all  collections  from 
the  2  intervals,  1835  -  2055  and  2345  to  0500.  Admittedly,  the  in- 
house  activity  patterns  from  study  1  did  not  reveal  the  4  activity 
intervals  as  described.  However,  we  believe  data  from  outside 
biting  collections  reflect  actual  endogenuous  rhythms  and  that  the 
process  of  seeking  and  gaining  entry  into  the  house  from  1800  - 
2200  hrs  (Fig.  6)  is  another  expression  of  peak  activity  at  sunset. 

It  seems  likely  that  the  continuous  biting  activity  within  the  house 
results  from  the  population  responding  to  a  different  set  of  feeding 
"cues"  than  populations  feeding  outside  the  house. 

The  mechanics  of  the  test  procedure  consisted  of  calculating  separate 
Kendall  Rank  Correlation  Coefficients  for  numbers  collected  vs  tem¬ 
perature,  numbers  collected  us  time  and  temperature  vs  time  for  data 
from  both  activity  intervals.  Tests  of  significance  were  performed 
on  the  r  values  at  the  0.01  level  of  probability.  The  r  values  were 
then  employed  in  the  Kendall  Partial  Rank  Correlation  Coefficient 
to  parcel  out  the  time  and  time- temperature  effects.  Ho  tests  of 
significance  are  available  for  the  resultant  rxr;-r:  values.  Results 
of  data  analysis  from  both  activity  intervals  are  presented  below. 
High  roe  values  for  numbers  collected  with  different  temperatures 
indicate  that  temperature  vas  the  main  determinant  Tor  number  collec¬ 
ted  within  the  activity  intervals. 

Systematic  collections  outside  the  house  were  initiated  during 
study  2,  3-7  June  1979,  to  characterize  the  level  of  biting  activity 
during  the  day  and  to  document  the  crepuscular  peaks  in  biting 
activity  with  warmer  ambient  temperatures .  The  frequency  of  human 
bait  collections  were  increased  during  the  early  morniivi  and 
evening  to  more  precisely  document  periods  of  peak  activity.  We 
verified  the  previously  reported  observation  that  the  morning  .A 
is  intense  and  of  short  duration  (Fig.  5).  Also  the  early  ever- 
peak  was  duplicated  in  these  series  of  collections.  Data  fa 
collections  conducted  throughout  the  day  demonstrated  the  at 
of  biting  activity  only  in  the  early  afternoon. 

Results  from  entrance  and  exit  trapping  of  darlinui 
1  and  2  demonstrated  a  surge  of  numbers  entering  t”*’  r  , 
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Figure  5.  Numbers  of  Anopheles  darlingi  Root  from  2  days  of  human 
bait  collections  at  Floresta,  Ituxi  River,  Amazonas,  Brazil  in  June 
1979.  All  collections  were  conducted  by  1  collector  within  10  m  of 
the  house  for  15  min  each  (plotted  by  time  intervals). 

a 

Value  based  on  a  single  15  min  collection, 
b 

Average  from  3  collections, 
c 

Average  from  4  collections, 
d 

Average  from  5  collections. 


Analysis  of  data  from  two  activity  intervals. 


Activity 

Interval 

(time) 


Variables 


r 

xy.z 


r  =  Number  Collected  vs.  Temperature 
1835-  rX2  =  Number  Collected  vs.  Time 
2055  rzy  =  Temperature  vs.  Time 


0.04 

0.01 


Kendall  Partial  Rank  Correlation  Coefficient 


0.70 


r  =  Number  Collected  vs.  Temperature 
2345-  rxz  =  Number  Collected  vs.  Time 
0500  r*z  =  Temperature  vs.  Time 


0.41 

0.53 


Kendall  Partial  Rank  Correlation  Coefficient 


0.55 


★ 


Significant  at  0.01  level  of  probability  (p  <  0.0027). 

★★ 

Significant  at  0.01  level  of  probability  (p  <  0.0007). 


1800-2200  hours  (Figs.  6  and  7).  Exodus  from  the  house  did  not 
begin  until  0400  hours.  Again,  there  were  marked  differences  in  the 
study  1  and  study  2  collections  results.  The  entrance  of  females 
peaked  earlier  (1800-2000)  and  was  of  short  duration  in  study  2;  in 
addition,  movement  out  of  the  house  started  later  (0600-0800)  and 
continued  through  mid-  to  late-morning.  These  differences  are  perhaps 
another  expression  of  the  temperature  influence  on  the  activity  of 
darlingi  populations. 

Based  on  data  presented  in  Figures  6  and  7  it  seems  that  darl ingi 
enter  the  house  in  the  evening,  with  peak  activity  between  1800 
and  2200,  remain  in  the  house  until  sunrise  and  exit.  Data  from 
both  studies  indicate  that  very  few  specimens  remain  Inside  the  house 
during  the  day  and  rarely  did  gravid  females  appear  in  the  exit 
traps.  The  preponderance  of  late  fed  specimens  in  exit  traps  at 
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♦  ENTRANCE  TRAP  COLLECTIONS 
EXIT  TRAP  COLLECTIONS! 
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Figure  6.  Numbers  of  Anopheles  darlingi  Root  from  trapping  with  3 
entrance  and  3  exit  traps  at  Floresta,  Ituxi  River,  Amazonas,  Brazil 
in  February  1979. 
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Figure  7.  Numbers  of  Anopheles  darlingi  Root  from  trapping  with  3 
entrance  and  3  exit  traps  at  Floresta,  Ituxi  River,  Amazonas,  Brazil 
31  May  -  3  June  1979. 


sunrise  in  study  1  is  compatible  with  a  continuous  pattern  of 
biting  activity  throughout  the  night  (Fig.  3).  Whereas,  the  greater 
number  of  Sella  2  specimens,  recorded  in  exit  traps  during  study  2, 
results  from  the  early  evening  peak  in  biting  activity  (Fig.  4). 

Observations  on  the  rate  of  blood  digestion  and  ovarian  development 
in  100  female  An.  darlingi  were  conducted  during  the  study  in  Feb¬ 
ruary,  1979.  The  study  specimens  were  maintained  at  ambient  temper¬ 
atures  in  the  experimental  house.  All  early  fed  females  were  clumped 
in  the  1-5  hr.  interval  (Table  17).  Specimens  classified  as  late  fed 
were  found  in  both  the  1-5  and  6-10  hr  intervals;  Sella  2  individuals 
were  clumped  in  the  6-10  hr  intervals  and  the  majority  (79%)  of  Sella 
3  specimens  were  in  the  11-20  hr  interval.  Since  more  Sella  3  spec¬ 
imens  were  in  6-10  hr  interval  than  in  21-30  hr  interval,  it  seems 
likely  that  most  specimens  attain  this  stage  during  the  first  part 
of  the  11-20  hr  interval. 

Engorged  An.  darlingi ,  marked  with  fluorescent  powder,  were  released 
inside  the  experimental  house  on  2  separate  occasions  during  study 
1  to  determine  their  preferred  resting  sites.  Periodic  searches  for 
marked  specimens  were  made  throughout  the  night.  Although  total 
numbers  progressively  declined  with  time  after  release,  the  majority 
of  engorged  darlingi  were  consistently  found  resting  on  the  ceiling 
(Table  18).  A  search  made  outside  the  house  prior  to  sunrise, 
revealed  no  particular  preference  for  resting  sites. 

When  unengorged  specimens  from  exit  trap  collections  were  marked  and 
released  during  study  number  2,  we  again  observed  a  preference  for 
darlingi  to  rest  on  the  ceiling  (Table  19).  This  preference  was 
particularly  marked  during  the  first  1.5  hours  after  release.  There 
was  a  more  equal  distribution  of  numbers  resting  on  the  walls  and 
ceiling  later  in  the  night.  Again,  we  do  not  know  if  low  temperatures 
recorded  during  study  2  influenced  their  selection  of  resting  sites. 

In  addition  to  making  observations  on  resting  sites  of  marked, 
unengorged  specimens  released  during  study  2,  we  also  tabulated 
numbers  of  marked  specimens  collected  in  exit  traps  (Table  20)  and 
numbers  collected  in  the  hourly  15  min.  human  bait  collections 
(Table  19  and  Fig.  8).  More  than  50%  of  marked  individuals 
collected  from  human  bait  were  obtained  during  the  first  3  hr 
after  release  (Fig.  8).  In  contrast,  only  2  of  11 


TABLE  17 


Observations  on  the  rate  of  blood  digestion  and  ovarian  development 
in  $  2  Anopheles  darl ingi  Root,  at  in-door  temperatures  and  humid¬ 
ities*.  observations  made  with  wild  caught  females  on  the  Ituxi 
River,  Amazonas,  Brazil  in  February-March  1979. 
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Temperature  range  limits  were  24°  -  3°C. 
Relative  humidity  range  limits  were  80  -  100%. 
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Observations  were  made  on  100  specimens  released  28  February,  1979. 


TABLE  19 

Number  of  marked*  9  9  Anopheles  darlingi  Root  observed  by  resting 
site  at  intervals  throughout  the  night  in  an  experimental  house 
located  at  Floresta  on  the  Ituxi  River,  Amazonas,  Brazil.  A  total 
of  81  and  82  marked,  unfed  specimens  were  released  1  and  2  June  1979, 
respectively. 


Hours  after 

Number 

resting  by 

site  within  the  house 

release 

Floor 

Walls 

Rafters 

Ceiling 

1 

Totals 

0.5® 

5 

14 

7 

28 

54 

1.0b 

0 

10 

4 

27 

41 

1.5® 

0 

10 

3 

25 

38 

X 

1.7 

11.3 

4.7 

26.7 

44.3 

4.5® 

0 

14 

0 

13 

27 

5.0b 

0 

10 

1 

7 

18 

X 

— — ■ — -  1 

0 

12 

0.5 

10 

22.5 

8.5® 

0 

7 

0 

11 

18 

8. 5b 

0 

7 

0 

6 

13 

X 

0 

7 

0 

8.5 

15.5 

*  Females  were  marked  with  USR  pigment  1953  and  marked  specimens  were 
identified  with  a  Blak-Ray,  ULV',56,  long  wave  ultra-violet  lamp, 
a 

Observations  made  on  the  81  specimens  released  1  June  79. 

b 

Observations  made  on  the  82  specimens  released  2  June  79. 
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Figure  8.  Cumulative  numbers  of  marked  Anopheles  darlingi  Rout 
collected  in  human  bait  collections  followitn  release  inside  a 
house  at  Floresta,  Ituxi  River,  Brazil,  at  2040  hr.  A  total  of  81 
and  82  marked,  unfe !  specimens  were  released  1  and  2  June  1979, 
respectively. 


marked  specimens  that  were  captured  in  the  exit  traps  were  collected 
before  0600  hours  (Table  20).  After  chronological  adjustments  were 
made  in  numbers  of  marked  specimens,  Hollowing  removal  by  trapping 
(Table  21),  we  found  a  cumulative  32.9%  of  marked  specimens  were 
captured  in  human  bait  collections  and  9.5%  in  exit  trap  collections 

The  mark-recapture  data,  obtained  during  this  study,  is  interpreted 
cautiously  for  the  following  reasons:  a)  very  small  numbers  were 
recorded  from  the  exit  trap  collections;  b)  marked  specimens  were 
released  late  in  the  period  of  peak  biting  activity  (2045  hr); 
c)  abnormally  low  ambient  temperatures  were  recorded  during  both 
study  nights;  and  d)  the  marked  populations  were  discrete  and  do  not 
reflect  the  variable  but  continual  immigration  and  emigration  of 
darl i ngi  within  the  house. 

The  impact  of  these  factors  can  be  seen  in  the  values  of  marginal 
totals  in  Table  20.  The  last  column  reveals  that  immediately 
following  release,  the  marked  specimens  are  more  abundant  in  the 
exit  trap  collections  than  unmarked  individuals,  whereas  engorged 
females  are  more  abundant  in  subsequent  collections.  In  addition, 
there  were  disproportionately  few  marked  early  to  late  fed  specimens 
a  disproportionately  large  representation  of  unfed  specimens  (Sella 
1),  a  proportionate  number  of  Sella  2  and  3  specimens  and  no  marked 
specimens  in  stages  >  Sella  3  (see  marginal  totals  in  last  row  of 
Table  20).  This  reflects  the  discrete  characteristic  of  the  marked 
population  in  that  some  exit  immediately,  none  are  in  the  house  a 
sufficient  time  to  be  >  Sella  3  and  most  feeding  took  place  imme¬ 
diately,  thus  marked  individuals  were  in  Sella  2  and  3  at  sunrise. 

Calculations  with  the  simple  Lincoln  Index  (24)  were  performed  to 
estimate  total  numbers  of  An.  darl i ngi  in  the  house  with  human  bait 
and  exit  trap  collection  data.  For  these  calculations,  a  -  total 
number  marked  and  released,  n  =  number  collected  (marked  +  unmarked) 
after  release,  y  =  number  recaptured  after  release  and  p  =  total 
number  of  darl i ngi  in  the  house.  The  p  value  is  calculated  with 
the  Lincoln  Index  formula: 


The  a  value  was  determined  by  multiplying  the  accumulative  %  collec¬ 
ted  by  the  number  of  marked  specimens  released  (Table  2),  e.£. ,  for 
human  bait  collections  it  is  0.329  X  163  =  53.6  and  for  exit 
trap  collections  it  is  0.095  X  163  =  15.5. 

Calculations  with  the  human  bait  collections  gave  a  total  of  504.8 
An.  darl i ngi  in  the  house  for  the  2  nights  (n  =  166. a  =  163  and 
r  =  53.6) The  estimate  of  populations  size  was  557  darl i ngi  with 
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Females  were  marked  with  USR  pigment  1953  and  marked  specimens  were  identified  with  Black-Ray, 
ULV;  56,  long  wave  ultra-violtet  lamp. 
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TABLE  23 


Species  and  numbers  of  specimens  captured  in  human  bait  collections 
conducted  simultaneously  at  3  sites  (10  collections/site)  near  an 
experimental  house  at  Floresta,  Ituxi  River,  Amazonas,  Brazil.  Collec¬ 
tions  were  conducted  for  15  min.  each  from  1740-2005,  3  and  4  June 
1979. 


Distance  from  experimental  house 


10  meters 

20  meters 

40  meters 

Anopheles  (Nyssorhynchus) 

Anopheles  (Nyssorhynchus) 

Anopheles  (Nyssorhynchus) 

darlingi  (539) 

darlingi  1106) 
nuneztovari  (21) 
oswaldoi  (19) 

darlingi  (78) 
nuneztovari  (4) 
oswaldoi  (3) 

(Anopheles) 
peryassu  (2) 
mediopunctatus  (19) 
shannoni  (1) 

(Anopheles) 
peryassu  (1) 
mediopunctatus  (7) 

Aedes 
fulvus  (2) 

(Stethomyia) 
nimbusTl ) 

1 

Psorophora 

cingulata 

Aedes 

fulvus  (2) 

Culex 

spisspes  (1) 

Psorophora 

cingulata  (3) 

108 
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TABLE  24 

Number  of  9  9  Anopheles  darljngi  Root  collected  in  5  min.  resting 
captures  inside  and  outside  of  an  experimental  house  at  Floresta, 
Ituxi  River,  Amazonas,  Brazil,  Collections  were  conducted  by  1 
collector  each  28  February  -  1  March  1975, 


Time 

I  Number  found  resting  by  site 

Inside  house  wall 

Outside  house  wall 

Vegetation 

1830-1835?* 

0 

0 

0/1 

1 830-1 835° 

0 

1/0 

0/1 

1 900-1905?* 

0 

0 

0/1 

1900-1905** 

0/3 

1/0 

0/1 

1930-1935® 

0 

0/3 

0/2 

1930-1935** 

0/1 

0/7 

0/5 

2000-2005® 

1/0 

0 

0/12 

2000-2005** 

1/0 

0/2 

0/2 

2030-2035® 

2/0 

0/4 

0/1 

2030-2035** 

1/0 

0/3 

2/6 

2100-2105® 

1/0 

0 

0/2 

6/4 

2/19 

2/34 

0540-0545^ 

1/0 

0/1 

2/0 

0610-061 5“ 

0 

0 

1/0 

0640-0645** 

0 

0 

1 

0710-0715“ 

1/0 

0 

0 

2/0 

0/1 

3/0 

a 

Collections  conducted  28  February  1979. 

b 

Collections  conducted  1  March  1979. 


: 


exit  trap  data  (n  =  53,  a  =  163  and  r  =  15.5).  The  similarity 
between  these  population  estimators  is  interesting  but  does  not 
prove  degree  of  accuracy.  Additional  studies  are  required  to  fully 
understand  the  variables  involved  with  this  study  method. 

Collections  to  study  the  temporal  and  spatial  distribution  of  An. 
darl ingi  away  from  the  house  during  the  early  evening  activity 
interval  were  conducted  during  study  number  2.  Collections  were 
conducted  for  15  min,  each  at  different  distances  from  the  house, 
viz. ,  <  10,  20  and  40  meters  from  the  house.  Prior  to  sunset  the 
greatest  number  were  collected  furtherest  from  the  house,  but  all 
subsequent  collections  were  uniformly  high  near  the  house  compared 
to  the  more  remote  collecting  sites  (Table  22).  The  crepuscular 
peak  in  activity  was  clearly  revealed  near  the  house,  but  not  at 
20  m  and  40  m  from  the  house.  Only  Aii.  darlingi  were  collected  near 
the  house,  whereas  we  observed  a  considerable  increase  in  species 
diversity  and  a  great  decrease  in  numbers  of  darlingi  at  20  m  and 
40  m  from  the  house  (Table  23). 

Collections  of  resting  darlingi  were  conducted  inside  and  outside 
the  house  from  1830  -  2105  and  0540  -  0715.  The  females  collected 
inside  the  house  prior  to  1935  hr  were  unfed,  but  all  subsequent 
specimens  were  engorged  (Table  24).  The  majority  of  specimens 
caught  outside  were  unfed  during  the  evening.  However,  three  of  4 
specimens  collected  resting  outside  in  the  morning  were  engorged. 

c.  The  Role  of  Euglossine  Bees  in  the  Removal  of  DDT  from  Sprayed 
Houses. 

1)  Objectives:  To  determine  the  impact  of  prolonged  bee  activity 
on  the  residue  levels  of  DDT  on  walls  of  sprayed  houses. 

2)  Background: 

The  strong  insecticidal  activity  of  DDT  (dichlorodiphenyltrichlo- 
roethane)  was  first  demonstrated  in  1943  (24).  DDT  was  subsequently 
employed  throughout  the  world  as  a  "front  line  defense"  against 
insects  of  agricultural  or  public  health  importance,  and  is  still 
widely  used  for  residual  treatment  of  house  walls  for  control  of 
mosquitoes  in  Brazil. 

While  studying  the  ecology  of  the  malaria  vector  Anopheles 
(Nyssorhynchus)  darlingi  Root  along  the  Ituxi  River,  Amazonas, 
Brazil,  we  observed  aggreagates  of  male  bees  on  the  walls  of  houses 
that  are  routinely  treated  with  DDT.  The  possibility  of  DDT  being 
an  insect  attractant  is  incongruous  with  its  premier  role  as  an 
insecticide.  Thus,  our  curiosity  was  aroused  when  we  discovered 
that  these  Euglossine  bees,  identified  as  Euplusia  purpurata,  were 


HO 


well  known  to  the  residents  as  the  insects  that  eat  DDT  ("o  bicho 
que  come  DDT"). 


The  euglossine  bees  have  been  the  subject  of  many  fascinating  studies 
due  to  their  important  role  as  plant  pollinators.  Both  males  and 
females  provide  valuable  pollination  services  in  their  pursuit  of 
nectar.  An  even  more  specific  relationship  has  been  found  for  the 
males  in  their  apparent  pursuit  of  certain  flower  odors,  i_.  e. , 
many  flowers  attract  only  one  species  of  bee  that  affects  pollination 
(26).  The  f'ower  visiting  behavior  of  the  males  has  been  described 
as  follows: 

"When  they  visit  an  euglossine  flower,  they  brush  on  the 
surface  of  the  flower  with  pads  of  hair  on  the  forefeet. 
The  bees  characteristically  brush  for  a  short  time  and 
they  hover  near  the  flower  while  scrubbing  their  legs 
together  and  evidently  placing  some  substance  in  their 
inflated  hind  tibiae.  The  bees  usually  repeat  this 
behavior  several  or  many  times,  sometimes  remaining  as 
long  as  90  minutes  at  one  inflorescence"  (26). 

3)  Progress: 

We  collected  several  bees  while  they  were  busily  brushing  their 
foretarsi  on  the  DDT-treated  walls  of  houses.  Thirty  or  more 
constantly  active  bees  would  be  seen  at  one  time,  and  as  some  would 
leave,  others  would  enter.  The  occasional  presence  of  very  shallow 
grooves  at  the  site  of  bee  activity  indicated  that  perhaps  the 
heavily  sclerotized  mandibles  were  sometimes  employed  to  collect 
the  DDT  residues.  The  residents  stated  that  these  bees  appear  after 
houses  are  sprayed  with  DDT  and  are  most  abundant  immediately  after 
trea tment. 

Five  of  the  bees  we  collected  were  sent  to  the  U.S.  Army  Environ¬ 
mental  Hygiene  Agency,  Aberdeen  Proving  Ground,  Md.,  where  they 
were  dissected  and  each  body  part  separately  analyzed  for  DDT 
residues  in  accordance  with  analytical  procedures  recomended  by 
the  USEPA  (27).  The  head,  thorax,  abdomen  and  fore-,  mid-  and 
hindlegs  were  processed  for  each  specimen  (wings  were  discarded). 

The  body  parts  were  weighed,  prior  to  DDT  extraction,  so  concen¬ 
trations  of  insecticide  could  be  expressed  in  parts  per  million 
(ppm)  by  body  weight. 

Total  residue  in  jjg/bee  for  5  DDT  isomers  are  presented  in  Table 
25.  Clearly  the  p,p'  -  DDT  isomer  was  present  consistently  in 
the  greatest  concentrations.  The  sum  of  the  DDT  isomers  expressed 
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TABLE  25 

DDT  residues  from  5  males  of  Euplusia  purpurata  collected  from 
sprayed  houses  along  the  Ituxi,  River,  Amazonas,  Brasil. 


Residue  concentrations 

(ub/bee)  for  5  DDT  isomers 

DDT 

Bee  No 

1  Bee  No. 2  Bee  No. 3  Bee  No 

4  Bee  No . 5 

0,p* 

-  DDD 

2.32 

4.59 

0.80 

* 

★ 

p>p' 

-  DDD 

24.99 

69.47 

44.01 

3  TJFT 

80.45 

p  ,p  ’ 

-  DDE 

16.02 

52.24 

36.38 

28.64 

58.84 

p.p' 

-  DDT 

135.25 

472.53 

174.70 

11.21 

335.95 

p.p' 

-  DDT 

985.80 

2944.72 

2087.35 

1545.50 

2630.54 

DDTR 

1169.32 

3557.95 

2352.50 

>1654.81 

>3122.06 

★ 

Part  of  the  extract  lost  during  centrifugation  in  the  laboratory. 


as  DDTR  ,  converted  to  parts  per  million  by  dry  weight,  revealed 
exceptionally  high  concentration  of  DDT  in  these  Brazilian  bees 
(Table  26).  Highest  concentrations  were  consistently  found  in  the 
hindlegs,  with  smaller  amounts  in  the  fore-  and  midlegs.  Although 
significant  residue  levels  were  found  in  head,  thorax  and  abdomen, 

DDT  concentrations  in  these  regions  were  markedly  less  than  what 
was  found  in  the  hind-legs.  For  honey  bees,  the  average  LD50  (lethal 
dose  for  50%  of  test  populations)  for  p,p'  -  DDT  alone  is  5.6  ug/bee 

(28) .  Although  it  is  inaccurate  to  compare  values  from  one  species 
to  another,  these  statistics  provide  a  perspective  for  evaluating 
the  high  residue  levels  found  in  the  Brazilian  bees.  Looking  at 
total  p,p'  -  DDT  in  jjg/bee,  for  instance,  there  was  a  low  of  985  in 
bee  1  and  a  high  of  2944.72  in  bee  2,  or  176.0  to  525.8  times  greater 
than  the  LD50  value  for  honey  bees.  Since  no  dead  or  moribund  bees 
were  seen  at  the  collections  sites,  the  high  residue  levels  of  DDT 
suggest  a  high  degree  of  resistance  in  these  euglossine  bees.  Bees 
included  in  this  analysis  were  collected  at  3  isolated  houses  sepa¬ 
rated  by  1-2  days  travel  by  boat  and  it  seems  certain  that  the  DDTR 
residue  found  in  the  bees  was  a  direct  result  of  contact  with  the 
sprayed  house  walls. 

We  have  considered  the  possibility  that  males  of  £.  purpurata  enter 
houses  because  of  attractants  in  the  house  construction  materials 
or  in  response  to  carriers  in  the  DDT  formulation.  For  the  latter, 
it  is  relevant  to  note  that  attractants  to  male  euglossine  bees  are 
characteristically  aromatics  (28,  29).  The  DDT  sprayed  in  houses 
along  the  Ituxi  River  is  applied  as  a  wettable  powder  formulation, 
composed  of  DDT,  talc  and  water.  Clearly,  DDT  is  only  aromatic  in 
this  mixture.  In  addition,  males  of  £.  purpurata  have  been  observed 
scratching  on  boards  treated  with  another  aromatic  insecticide,  Aldrin 

(29) .  Regarding  the  possibility  of  attractants  in  house  construction 
materials,  houses  along  the  river  are  constructed  mainly  of  local 
forest  products,  viz. ,  deciduous  trees  for  the  frame,  palm  thatching 
for  the  roof  and  palm  slats  for  the  walls  and  floors.  Although  the 
bees  seen  to  prefer  the  ceiling,  they  frequently  observed  brushing 

on  all  types  of  house  construction  materials.  In  one  case,  they 
were  found  brushing  on  a  tree  trunk,  in  the  forest,  that  had  been 
spot-sprayed  with  DDT. 

Bees  have  been  reported  to  enter  houses  after  DDT  applications  by 
residents  near  Manaus,  Amazonas,  Brazil.  They  also  have  been 


★ 

DDTR  is  a  means  of  summing  all  the  DDT  isomers  and  expressing  the 
total  in  terms  of  DDT.  The  following  equation  is  utilized: 

C (0 ,p '  +  p,p'  -  DDD)  +  (0,p‘  p,p'  -  DDE)]  +  1.114  +  (o,p *  +  p,p'  - 
DDT). 
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observed  brushing  on  house  walls  near  Iquitos,  Columbia  (personal 
communication,  Dr.  R.  L.  Dressier,  Smithsonian  Tropical  Research 
Institute,  Box  2072,  Balboa,  Canal  Zone).  That  this  is  a  wide¬ 
spread  phenomenon  was  further  verified  by  a  recent  report  on  the 
sightings  of  E.  purpura ta  within  treated  houses  in  many  areas  in 
the  state  of  Para,  Brazil  (30).  However,  no  documentation  of  these 
insects  actually  collecting  insecticide  has  been  made  and  this  is 
the  first  such  report. 

Based  on  the  distribution  of  DDT  residues  in  the  bees,  it  seems  that 
they  do  not  seek  the  insecticide  for  strictly  dietary  purposes. 

Thus,  we  suspect  that  E.  purpurata  males  are  attracted  by  the  odor 
of  DDT  which  then  stimulates  their  behavior  of  brushing  the  insec¬ 
ticide  from  walls  for  storage  in  a  pouch  of  the  hind  tibia  (saccate 
hind  tibial  organ). 

d.  Comments: 

In  sunrnary,  we  have  documented  exophilic  and  endophagic  behavior 
patterns  for  An.  darl ingi  populations  at  the  Ituxi  River  study  area. 
Even  in  the  unsprayed  experimental  house  at  Floresta  the  Aii.  darl ingi 
do  not  rest  inside  the  house  for  more  than  a  few  hours.  Additional 
observations  are  as  follows: 

1)  Anopheles  darl ingi  are  consistently  present  at  most  of  the 
single  and  multiple  family  habitations  along  the  Ituxi  River  systems; 

2)  The  An.  darl ingi  populations  demonstrate  peak  host-seeking 
activity  at  sunset  and  sunrise  in  the  peridomiciliary  environment; 

3)  Activity,  in  the  absence  of  perturbations  from  low  ambient 
temperatures,  within  a  house  with  complete  walls  is  relatively 
constant  throughout  the  night; 

4)  Biting  activity  in  a  partially  enclosed  house  (with  one 
wall)  reflects  the  bimodal  pattern  documented  for  the  peridomi¬ 
ciliary  environment; 

5)  The  spatial  distribution  of  host-seeking  darlingi  popula¬ 
tions  is  clumped  near  to  and  within  the  experimental  house; 

6)  The  preferred,  within  house,  resting  site  of  engorged  An. 
darlingi  is  on  the  ceiling. 

The  latter  observations  is  in  sharp  contrast  to  the  finding  of  Deane 
and  Damasceno  that  87.2%  of  the  An.  darlingi  collected  were  resting 
on  the  lower  2  m  of  the  house  walls.  Since  walls  are  frequently  not 
over  2  m  in  height,  with  consequent  large  openings  between  the  roof 
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and  walls,  selection  of  the  ceiling  resting  sites  may  facilitate 
escape  from  the  house.  Also  it  is  interesting  that  £.  purpurata 
seem  to  preferentially  collect  DDT  (see  section  c)  from  the  ceiling 
and  upper  levels  of  the  wall. 

The  objective  for  future  studies  is  to  determine  the  influence  of 
DDT  treatment  on  the  behavioral  parameters  described  in  this  report. 
In  some  cases  we  will  seek  further  verification  of  our  observations 
prior  to  spraying  the  experimental  house  with  DDT.  However,  a 
control  house,  that  will  not  be  sprayed,  is  under  construction.  It 
is  important  to  identify  the  main  points  of  entry  and  exit  of  An. 
darlingi  from  the  house  and  to  elucidate  the  variability  in  activity 
as  a  result  of  different  portals  of  exit.  More  emphasis  will  be 
placed  on  studies  of  resting  sites  and  host  preferences.  These 
efforts  will  be  facilitated  by  the  employ  of  a  recently  constructed 
vacuum  aspirator.  More  detailed  studies  will  be  conducted  to 
determine  a)  the  impact  of  the  euglossine  bees  in  DDT  removal  and 
b)  characterize,  in  more  detail,  their  insecticidophilic  behavior. 
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